, la asociación más alta fue entre alto y ancho de la ubre posterior (0, 46) , la más baja fue entre ancho de pecho y ligamento central (-0,0024 (-43,13 días) , el más bajo entre servicios por concepción y ancho de ubre posterior (-0,063 
servicios). Las correlaciones fenotípicas con características reproductivas fueron bajas (0,00 a 0,04). La más alta fue para servicios por concepción y ángulo de pezuña (0,04), la más baja para intervalo entre partos y patas de lado (0,00). Estos resultados indican que las características de conformación no están asociadas con los parámetros reproductivos desde el punto de vista fenotípico. Es importante estimar las correlaciones genéticas y determinar la posible utilización de estas asociaciones en programas de mejoramiento genético.
Palabras clave: Parámetros genéticos, características lineales, correlación fenotípica, eficiencia reproductiva.
One of the most economically important traits in dairy cattle is female fertility. A low reproductive performance leads to economic losses due to reduction in milk yield as a result of prolonged calving intervals, increased insemination costs and higher replacement costs. Fertility problems are the most common reason for involuntary culling in dairy cattle (Makgahlela et al., 2007) .
Worldwide, breeding programs have focused on milk yield traits without considering the negative genetic correlation between fertility and milk production, with consequent negative effects on reproductive efficiency (Makgahlela et al., 2009; Royal et al. 2002) .
Fertility traits have low heritability, whereby it is necessary to implement other characteristics which can enhance genetic improvement (Makgahlela et al., 2007; Makgahlela et al., 2009) . Conformation traits (CT) represent an interesting alternative for use within selection indexes because they present a higher coheritability with reproductive traits than the heritability of the traits of interest (Berry et al., 2004) . Little information is available on the genetic relationships between reproductive traits (RT) and CT (Royal et al., 2002) .
It is possible to develop a new selection index that includes not only important RT, but also some conformational characteristics which may contribute to increased reproductive lives of dairy cows, reduced incidences of certain diseases and improved breeding programs by using more easily measured parameters. The aim of this study was to estimate the association between some conformation features and certain reproductive traits in Holstein dairy cattle in the Antioquia department.
MATERIALS AND METHODS
Data collection. This study was carried out in 139 herds from 19 different municipalities of the Antioquia department. 8,037 records from Holstein cows between 1 and 11 lactations were available for inclusion in the analysis.
Linear evaluation. Four different classifiers scored 16 traits for each cow and 3 compounds were calculated with these traits. The conformation traits evaluated were: stature (STA), chest width (CW), angularity (ANG), rump angle (RA), rump width (RW), foot angle (FA), rear legs side view (RLS), rear legs rear view (RLR), udder depth (UD), central ligament (CL), fore udder attachment (FUA), front teat position (FTP), teat length (TL), rear udder height (RUH), rear udder width (RUW) and rear teat position (RTP). The traits were classified on a scale of 1 to 9 according to biological extremes in agreement with the methodology proposed by the International Committee for Animal Recording (ICAR, 2012) . Reproductive parameter measurement. 8,037 milk records from 139 herds were analyzed. The most important RT in dairy herds were included in the research calving interval (CI) and services per conception (SPC).
Data analysis.
In order to obtain a normal distribution of the data and eliminate outliers, the range of data used for CI was 301 to 650 days and 1 to 8 services for SPC. Finally, 4,792 and 6,198 records were analyzed for CI and SPC, respectively.
The linear conformation trait score was converted into a different qualification scale to perform the descriptive analysis of the population, since the maximum score did not always correspond to the desired optimal for the breed. For STA, CW, ANG, RW, CL, FUA and RUW, the scores 1 and 2 corresponded to bad (B), 3 and 4 to regular (R), 5 and 6 to good (G), 7 and 8 to very good (VG) and 9 to excellent (E). Whereas, for RA, RLS, RLR, UD, FTP, TL, RUH and RTP, the scores 1 and 9 corresponded to bad, 2 and 8 to regular, 3 and 7 to good, 4 and 6 to very good, and 5 to excellent.
To carry out the descriptive analysis of the RT, various measurements of central tendency and dispersion were taken to know their behavior in this population, while the description of the CT was made with contingency tables to identify the population distribution in the proposed qualification scale. To determine the relationship between CT and RT, three different statistical analyses were carried out. A generalized linear model was used as follow:
Where CI is calving interval, µ is the overall mean for the reproductive trait, S i and D j are the fixed effect of sire and dam, respectively; LAC k is a covariate for lactation number, ADMY l is a covariate for adjusted milk yield, CM m is the fixed effect of calving month, CY n is the fixed effect of calving year, IDH o is the fixed effect of herd, EY p and EM q are the fixed effect of year and month of evaluation, respectively, UC r , LC s and BC t are the covariates for udder, leg and body compound, respectively; EV u is the fixed effect of the linear type trait evaluator, Q v is any other conformation trait included in the model depending on the evaluated reproductive trait, and e ijklmnopqrstuv is the residual error.
Where SPC is services per conception, MY l is a covariate for milk yield, PP w is a covariate for protein percentage, FP x is a covariate for fat percentage, DIM y is a covariate for days in milk and e ijklmnopqrstuvwxy is the residual error.
To determine the magnitude of the effect a regression analysis was carried out. The models of linear regression used were the following:
Where SPC is the dependent variable; LAC, MY and DIM are the independent variables, β 1 , β 2 and β 3 are the regression coefficients between LAC, MY, DIM and SPC, respectively; Q n is the conformation traits included in the model, shown in Table 1 , and β n is the regression coefficient between the conformation traits and services per conception, and e is the residual error.
Where CI is the dependent variable, β 0 is the intercept, LAC and ADMY are the independent variables, β 1 and β 2 are the regression coefficients between LAC, ADMY and CI, respectively, Q n is the conformation traits included in the model, shown in Table 1 , and β n is the regression coefficient between the conformation traits and calving interval, and e is the residual error.
The association between the CT and RT was done using the Pearson correlation coefficient according to the following formula: 
All statistical analyzes were performed with the SAS 9.0 software.
RESULTS
Descriptive analysis. The mean, standard deviation, variation coefficient and number of observations for the reproductive traits are given in Table 2 . The description of the Holstein population of the department of Antioquia according to type trait evaluation is presented in Table 3 .
The Holstein population in Antioquia (89.41%) had an excellent body conformation. For leg conformation, the majority showed a regular or good qualification (43.46 and 44.85 % respectively). 82.2% of the population had a good or excellent qualification for udder conformation.
Effect of conformation trait score on reproductive traits. Calving interval. The calving interval was significantly affected by LAC and ANG (P<0.05), as well as by ADMY, CY and IDH (P<0.01). Other variables included in the model had no significant effect (P>0.05). The proposed model had a determination coefficient (r 2 ) of 0.3330, which means that only 33.30% of the variation found for this parameter was explained by the effects included in the model, the remaining 66.7% was caused by other effects not included. The regression coefficient of the significant variables on the CI is shown in Table 4 .
The CI increased by 8.07 and 24.18 days for each unit increase in the ANG and STA scores, but decreased by 43.13 days when the BC increased one unit. The model used had a determination coefficient (r 2 ) of 0.4527, which means that 45.27% of the variation found in SPC was due to the sources of variations included in the model. The regression coefficient of the significant variables for SPC is shown in Table 4 . The regression coefficient indicates that, for every unit increase in UC and RUW, the number of services per conception increased and decreased 0.06 days, respectively.
Phenotypic correlation between conformation traits. The phenotypic correlation between the conformation traits is shown in Table 5 . The association between the CT tended to be low to medium (0.00 -0.46). The highest correlation was for RUH and RUW (0.46), while the lowest was for CW and CL (-0.0024). UD and FUA also showed a high association (0.40).
FUA had a low association with other udder characteristics, such as FTP (0.28) and RUH (0.23).
The correlation between the position of front and rear teat was low (0.22). The CL showed a positive and medium association with RUH and RUW (0.31 and 0.37, respectively).
Association between the conformation traits and reproductive traits. Table 6 shows the phenotypic correlations between the conformation traits and reproductive traits. The association between CT and RT was low, from 0.00 for FTP and CI; to 0.04 for FA and SPC. STA had a significant association with CI and SPC (0.02 and 0.03, respectively), while RW was only significantly associated with SPC. For the udder characteristics, FUA was significantly associated (0.03) with both of the RT evaluated, but UD and UC had a significantly association with CI (0.03), while FTP showed a significant association with SPC (0.03). BC and LC were significantly associated with SPC (0.02 and 0.03, respectively).
DISCUSSION
The mean value found for CI in this research agrees with the value reported by Salazar et al. (2009) , who found, for a Holstein population in Antioquia, that the CI was 437 days. Echeverri et al. (2011) reported for the Holstein breed an average of 417 days for CI, a value lower than the value reported here, but found that the mean SPC was higher (2.0) than here. Moreover, Lopez et al. (2011) reported, for Holstein cattle in Antioquia, a CI of 394 days, whilst other authors reported, for a Holsteins herd in Antioquia -Colombia, an average of 2.4 ± 1.5 services calving/ life (Quiroz et al., 2011) .
The association between STA and ANG found in this paper was similar to that found by Corrales et al. (2011) Table 5 . Phenotypic correlation between conformation traits for a Holstein population in the Antioquia -Colombia. Moro and Ruiz (1999) found a positive and low association for CW and CL (0.16), different from those found in this research, where this association was very low and negative (-0.0024). On the other hand, they found a similar association between FA and FUA (0.25), UD and FUA (0.44), and CL and RUH (0.36) , not only in magnitude but also in direction. For CL and RUW, they found a higher association (0.61); also for FUA and FTP (0.37) and for FUA and RUH (0.41). Between RUH and RUW, Moro and Ruiz (1999) , also found a high association (0.55). Berry et al. (2004) reported on the association between some CT in Holstein-Friesian cows from the south of Ireland. In agreement with the results presented here, they reported a similar association for STA and ANG (0.30), but found a low association between FA and FUA (0.06); while, for UD and FUA these authors reported a higher association (0.50).
Other authors have reported similar values for these associations in Holstein cows in Turkey. For CL and CW, a non-existent association has also been reported (0.00), but, for FA and FUA, some authors have reported a negative association (-0.20) , which is similar in magnitude to the value reported here but different in direction. For UD and FUA and CL and RUH, a high association has also been reported (0.55 and 0.51, respectively) that is higher than what we found (Duru et al., 2012) . These authors reported a lower association between FUA and FTP and RUH (0.00 and 0.09, respectively). They also found a similar Lines represent correlation value (a), P-value (b) and number of observations (c).
association for rear and front teat position to that reported here (0.21).
The strong phenotypic correlation between FUA and UD indicated the possibility of reducing the number of CT assessed on each animal with the loss of very little information (Berry et al., 2004) . Nouman and Abrar (2013) evaluated the association between conformation traits as reproductive efficiency, measured in terms of calving interval in Sahiwal cows in Pakistan. They found that the association between STA and CI was -0.31, much greater than found here, but in a negative sense. They also reported a negative and low association for FUA and CI (-0.08). Unlike the positive and low association that is reported here for UD and CI, these same authors found a negative but slightly association (-0.12). They found higher associations than reported here, for chest and body they reported a phenotypic correlation of -0.27 with reproductive efficiency, and -0.16 with pelvic angle. These authors also carried out multiple and stepwise regression techniques to study the effect of conformation traits on reproductive efficiency (calving interval) and to find out important conformation traits for the prediction of reproductive efficiency. The highest regression coefficient that they found for conformation traits and calving interval was for STA (-11.13), which differs not only in direction but also in magnitude compared to the coefficient of regression encountered here. For pelvic angle, they found a regression coefficient of 2.88, -0.38 for rump width and -1.75 for chest and body (Nouman and Abrar, 2013) . Perez et al. (2006) evaluated the association between locomotion traits and fertility in Holstein cattle from the Basque and Navarra Autonomous Regions (Spain). They found that only the high foot and leg score affected cow fertility, but this effect disappeared when the CI was adjusted by production. Also, the average CI was shorter for low-score cows. They found that the feet and leg score was not statistically significant for the insemination per lactation, although their results showed a slightly positive trend that could agree with the low but positive association that we found between LC and SPC. For calving interval and insemination per lactation, they didn't find a significant effect of foot angle or rear leg set.
In Holstein cattle from the United Kingdom, an association of -0.03 for RA and CI has been found, which is higher than the association we reported and in a negative sense. For RW and CI, the association reported in the literature was 0.00 but we found a slightly higher value (0.02); however, this association wasn't significant (Wall et al., 2005) . These authors also reported the same association that is reported here for CI and RUH (0.02). For legs and feet, a negative and higher association was found in comparison to what they reported (0.00), but, regarding the association between mammary system and CI, they reported a slightly higher value (0.04) (Wall et al., 2005) .
Some authors reported fertility deterioration among animals with good locomotion scores because of higher yields that could drive energetic disorders that affect the reproductive ability (McDaniel, 1997) .
CONCLUSIONS
The phenotypic correlation between the analyzed conformation traits generally showed a large variation; specifically, the udder traits showed high and positive values for the phenotypic correlation.
Conformation traits are not associated with reproductive parameters from the phenotypic standpoint. However, it is necessary to analyze the genetic correlations to determine whether some of these conformation traits are suitable for inclusion in breeding programs, based on the selection of superior individuals in order to improve some of the most important reproductive parameters of dairy production systems.
